This paper is organized as follows: in section 2, we introduce the data sets used in the present study; in section 3, we introduce the formulae for the heat and salt budgets in the two volume control methods and the calculation methods for different terms; in section 4, we give the calculation results; and in section 5, we discuss the results, followed by a short summary in section 6. Figure 1 gives the positions of the IOP observations. The WHOI mooring was located at 1ø45'S, 156øE at a water depth of 1744 m, the R/V Moana Wave was within 10 km of the WHOI mooring, and the R/V Vickers was at 2 ø S, 156.2 ø E, all near the center of the R/V Wecoma butterfly survey.
Data
The WHOI mooring provided continuous meteorological and oceanographic measurements for the duration of the IOP. Sensors on its surface buoy sampled wind speed and direction, relative humidity, air temperature, barometric pressure, incoming shortwave radiation, incoming longwave radiation, sea surface temperature, and current speed and direction at 5 m depth [Weller and Anderson, 1996] . The COARE version 2.5 bulk formulae [Fairall et al., 1996] 
Methods
In this section, we first introduce the formulae for the heat and salt budgets of the two volume control methods. Then we give the calculation methods for different terms.
Fixed Thickness Method
Assuming no horizontal mixing, the temperature and salinity tendency equations are written as
Qo -Rs(O) + FT(O) is the net surface heat flux,
is the penetrating solar radiation at h, So is the surface salinity, P and E are the precipitation and evaporation rates, respectively, and FT[-h and Fs[_n are the turbulent heat and salt fluxes at h, respectively.
Isopycnal Boundary Method
The isopycnal selected for this purpose has a depth h just below the mixed layer during the WWB, so that it can best represent the active surface layer and minimize the influence of variations in the thermocline. The equations (1) and (2) are rewritten in the sense of vertical mean temperature and salinity over the layer between the sea surface and the isopycnal depth following Stevenson and Niiler [1983] . In this format, the adia- On the basis of the R/V Wecoma survey pattern, the above variables over two complete butterfly circuits (approximately 3 days) are fit with a mean value and linear trends in time and horizontal space. Note that the approximately 3-day fit period represents a compromise: short enough so that near-inertial period changes can be resolved and long enough to obtain two measurements in time at each spatial location for evaluation of the temporal tendency and to suppress the tidal noise.
Thus we evaluate d(x(t), y(t), t) -d + dxx -F dyy -F dtt -F d'(x(t), y(t), t). where the thermal and haline diffusivities are set equal to the density diffusivity, KT --Ks -Kp -Fe/N •.
The variable e is the turbulent kinetic energy dissipation rate calculated from the microstructure measurements [Smyth et al., 1996b] . N is the buoyancy frequency, and F is the mixing efficiency [Osborn, 1980; Mourn, 1990 
Results

Overview
The time period for our study covers the December WWB period and the beginning of the January lowwind period (JLW) [Weller and Anderson, 1996] . There are three WWB peaks during this time period (Figure 2) , with peak wind speed on December 22, December 25, and between December 31 and January 2. The timescale of one WWB peak is a few days. The gap between the first and second WWB peaks is so small that from the near 3-day analysis, they are described as one peak. It is referred to as the first WWB peak. The last WWB peak is referred to as the second WWB peak. During the WWB period, the ocean is losing heat to the atmosphere until the beginning of the JLW period (after January 4). The significant heat loss periods are Error estimations given in Wm -2. surface heat flux tends to heat the surface layer, advection still causes the mean temperature in the water column to decrease (Figures 10 and 12) . The isopycnal depth deepens to the north (tilts upward to the south) in response to the northward inertial current during December 27 to January I and after January 6 (Figure 14b ). These southward tilts of the isopycnal depth may cause the meridional temperature and salinity gradients in the surface layer. The zonal gradient of the isopycnal depth is small most of the time, but it deepens toward the east in response to the first WWB peak. This deepening may generate a pressure gradient in the zonal direction and thus be related to the acceleration of the subsurface SEC.
In the isopycnal boundary method, the ae-22 isopycnal is used as the lower boundary of the surface layer. Because the layer above the a•-22 isopycnal depth is not completely well mixed during the entire time period, both positive and negative diapycnal velocities may affect the properties of the surface layer.
Generally, the vertical gradients of the temperature, salinity, and potential density above the isopycnal depth lOO I I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I are smaller than those below the isopycnal. Because diapycnal advection is an upwind process, positive we, equivalent to the entrainment in the mixed layer analysis, is more efficient in modifying the surface layer than negative we (detrainment). Thus we define the ratio between the vertical gradients above and below the isopycnal as the efficiency ratios between negative and positive we (detrainment and entrainment) (Figure 15 ). Using a linear fit, the detrainment of the temperature is 84% as efficient as the entrainment. The salinity efficiency is 75%, and the density efficiency is 79%.
Significant positive we occurs during the WWB peaks, from both the density conservation method and the entrainment calculation using the Niiler-Kraus formula 
Heat and Salt Balances Above ce:22
The mean temperature above the c0 -22 isopycnal decreases by 0.7øC during our study time period (Figure 17a) . This temperature decrease is about equally accounted for by the net sea surface heat flux, the horizontal advection, and the vertical processes at the iso- Because the layer above the eye -22 depth is not an isothermal or isohaline layer, both positive and negative diapycnal velocities will affect the heat and salt balances in the surface layer, while negative advection (detrainment) is less efficient than positive advection (entrainment). Thus it is only a crude approximation to simply assume that detrainment has no effect on the surface layer.
One other problem related to our budget estimation is that the vertical flux terms are all from point measurements. There is no problem for the surface heat flux, according to the intercomparison work by Weller and Anderson [1996] . However, the rain rate estimations still need further intercomparison [Godfrey et al., 1998 
